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Abstract 
Wearable devices and associated systems that provide real-time feedback aim to 
encourage healthy behaviours. However, while the research base has grown 
considerably, results continue to paint a mixed picture when demonstrating 
wearables’ ability to increase levels of physical activity. Given these recent 
developments, this commentary explores the key reasons why wearable devices and 
other mobile technologies often fail to change behaviour. We also provide several 
suggestions that could feed into future research designs and maximise the success of 
subsequent interventions. These recommendations aim to stimulate interdisciplinary 
discussions by encouraging clinicians and researchers to consider how these 
technological advances can be effectively leveraged, and become a core component of 








The Importance of Failure 
Modern wearables can characterise health-related behaviours and assist with a variety 
of behaviour change interventions that aim to encourage physical activity [1]. The 
latter proposition is particularly pertinent given that even small changes in behaviour 
could have far reaching consequences for society as a whole. For example, if physical 
inactivity decreased by only 10% more than 533,000 deaths could be averted every 
year [2]. A typical intervention provides participants with a device in isolation or as a 
supplement to an existing behavioural intervention. In the previous decade, some 
research has supported the notion that simply helping people to quantify their activity 
levels can change their behaviour [3]. However, wearable technology and the research 
methodology that underpins related interventions has a considerable distance to cover 
if it is to become a standardised intervention that can help people become more active, 
healthier, and happier. Results from small pilots have often failed to replicate across 
larger samples that employ longitudinal designs. For example, one trial conducted 
over several years demonstrated a negative effect when patients were provided with a 
wearable intervention to help them lose weight [4]. In addition to causing harm (e.g., 
reduced well-being), other negative effects in this context would include wearables 
that provide no added benefit when compared to standard interventions or result in 
poor retention rates. Similarly, an effect that dissipates over time would also be 
classed as an overall negative outcome. This mirrors similar issues witnessed during 
the development of home telemonitoring interventions [5]. For example, several trials 
in this domain have reported no benefit when patients were able to self-monitor blood 
glucose, with others demonstrating that these interventions led to increased levels of 
depression [6]. 
Nevertheless, these outcomes remain a key cornerstone in the literature because they 
emphasise the importance of understanding failures or unexpected results in order to 
capture the ideal functioning of a future device or intervention. Only then will it be 
possible to predict what novel interventions are more likely to show larger benefits at 
a population level.  
 
In this context, we propose and discuss a set of interdisciplinary guidelines that could 
assist in the development of future interventions that encourage physical activity with 
wearable technology (Figure 1). While current research is at a relatively early stage, 
the consideration of recent failures warrants a full discussion regarding future 
directions, which this think piece aims to stimulate. It is also important to ensure that 
new research is mindful of current pitfalls, and develops new paradigms accordingly. 
 
[Figure 1: An infographic illustrating key issues in research that aims to encourage 
physical activity with wearable interventions. These guidelines were developed 
following a review of papers that document failures in wearable interventions, which 
aim to encourage physical activity. This illustrates key limitations with devices 
themselves and the methods used to measure and evaluate the impact of current 
interventions. While not exhaustive, these two key points of failure provide an avenue 
to develop future research priorities. (A) Outcomes from interventions may be set up 
to fail from the start, but subtle benefits (or harms) are likely to remain invisible with 
existing measures (human computer interaction). (B) Many interventions are 
theoretically uninformed and mechanisms of action remain hidden (theoretical 
rigour).]  
Human Computer Interaction: falling at the first hurdle 
Wearables’ design can often have an early negative impact to the point where a 
potential treatment effect may be thwarted from the outset. For example, one large 
clinical trial that provided wearable technology as part of a weight loss intervention 
observed that, over a 2-year period, only 10% of patients reported wearing a daily 
performance feedback device [4]. Many patients continue to report that devices are 
unpleasant to wear and can make them feel uncomfortable around other people. Poor 
design that leads to low levels of comfort and social acceptability could reduce the 
impact of any similar intervention by limiting potential exercise opportunities [7]. 
 
Understanding the design issues that lead to high attrition rates within patients and 
consumers remains a key priority for future research. Where they are worn and how 
people engage with them on a daily basis is also likely to be fundamental to their 
success or failure. The wrist and upper arm have proven problematic despite their 
popularity and convenience [8]. In addition, research concerning digital health 
interventions has failed to include a measurement of behaviour that accurately 
quantifies how a participant interacts with their device [4]. Subtle interactions with 
digital technology remain difficult to capture with self-report measures alone and are 
often inaccurate when it comes to health-related metrics [9,10]. Device usage, while 
straightforward to collect, has to-date only been recorded in small samples of patients 
with pre-existing health conditions (e.g., hypertension) and not for devices used as 
part of a behaviour change intervention [11]. Therefore, while hardware development 
will continue to adapt and innovate, researchers are already in a position to capitalise 
on the quality and variety of data that can be captured from existing devices. 
Theoretical Rigour: understanding mechanisms of action 
Technologies evolve more rapidly than traditional research models can evaluate them 
[e.g., 4]. While wearable technology itself has made great advances, their theoretical 
contribution towards behaviour modification has been considerably smaller [12]. 
Wearable systems could help to improve, and develop new, behavioural change 
techniques as part of a subsequent intervention [13]. It may however, be more 
valuable to deliberately limit and control these techniques in order to test specific 
mechanisms of action, but this has also been slow to materialise. Randomised trials 
are likely to remain the gold standard when it comes to demonstrating the 
effectiveness of any intervention, but the mechanisms that underpin a specific change 
in behaviour are largely hidden. Even in larger research designs, there is frequently no 
control group [4]. In contrast, trials within the life sciences that administer a new drug 
have well-established action pathways long before an intervention takes place.  
 
Several theoretical avenues are worthy of further investigation. One causal pathway 
may involve the use of a device to make self-monitoring easier, which increases the 
frequency of self-monitoring over time. An alternative is that active self-monitoring 
increases the salience of behavioural choices more than passive self-monitoring, 
although a lack of engagement (e.g., not wearing a device) across many interventions 
suggests that this is unlikely [13]. Powerful research designs could manipulate the 
specific techniques deployed as part of an intervention and record a participant’s 
interaction with a device to understand which specific methods are more effective. A 
complimentary approach could manipulate when feedback is provided, which may 
challenge the widely held assumption that real-time feedback will always produce a 
larger effect.   
Moving Forward 
Research programmes should aim to strike a balance between controlled trials, with 
input from those working in applied contexts, and basic ‘blue-sky’ research. Without 
this equivalence, it will remain increasingly difficult to dismantle which elements of 
an intervention are driving or hindering an effect. A more extreme view would argue 
that it is too early for large-scale trials when it comes to testing if wearable 
interventions can help increase physical activity levels, particularly when the vast 
majority of applied research struggles to change how decisions are made within 
public health [14]. One solution here may simply involve bringing public healthcare 
professionals together with technology designers at the earliest opportunity.  
On the other hand, it would also be naive to assume that wearable devices will be the 
silver bullet solution. Current devices, interventions, and research only reach a small 
part of the population that is interested in health or personal data capture [15]. While 
the line between assessment and intervention has blurred, the digital divide still exists, 
and we would question how these interventions can reach people who are most in 
need, especially children, older adults, and low-SES populations. Considerable 
interdisciplinary progress is required if such interventions are to become 
commonplace, regardless of ability or personal goals. Even within the context of 
existing trials, the variation in patients’ experience and behaviour is largely ignored. 
While many will abandon their new device within a couple of months, others will 
persevere with these devices and will continue to track specific activities for several 
years. However, in the context of long-term behaviour change, strong evidence has 
yet to appear that supports these anecdotal observations within wearable interventions 
and beyond [16].   
Wearable interventions are perhaps more likely to become part of a larger set of 
patient monitoring systems within digital health. Interventions may need to include 
other linked devices that further monitor behaviour directly or act passively to support 
and motivate individuals and groups [17]. Nevertheless, we remain optimistic that 
wearable interventions alone can increase levels of physical activity in large groups of 
individuals and sections of society as a whole, provided the research base adequately 
acknowledges failures as well as successes.  
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